Abstract: Previous research indicates that complex biological concepts may be successfully introduced in preschool age, provided that suitable educational interventions are designed for the initial stages of education. In this regard, there is evidence that a basic understanding of the issue of the ecological interactions among organisms may be achieved in the preschool years. With this in mind, this research project tests the assumption that recognising the fact that plants and animals are not isolated creatures, but live engaged in constant interactions in nature, may begin to be understood in early education. To that end, this study examines the content of free drawings that a sample of 328 children aged four to seven years of age, undertook when explaining their understanding of plant life. Data regarding the type and frequency of the depictions of animals found in the children's graphic explanations on flora is collected and read in conjunction with participants' gender and academic level. The results show that a substantial proportion of the children in the sample spontaneously drew illustrations of animals in their graphic explanations concerning vegetable life and, more significantly, some pictures show plants and animals engaged in clear contact. This is the case, despite the fact that the drawing activity had been focused solely on the issue of plant life and no indication linked to depicting other kinds of living things mentioned during the activity. The conclusions discuss the data collected in connection with the growing number of research projects that study the question of how young children begin to embrace the fundamental biological concepts that pave the way to the understanding of natural phenomena and make the public capable of making responsible choices when it comes to sustainability issues.
Introduction
Life science education has to put significant emphasis on promoting the understanding of the ecological relationships among living things [1] . This is particularly true considering that being aware that organisms interact and coexist within an intricate net of connections is part of the basic ecological comprehension that people need so as to make well-informed choices affecting sustainability matters [2] .
In the particular context of early education, some authors raise the question of whether the topic of the ecological relationships among organisms might exceed the educational objectives posed for kindergarten educational programmes [3] . In this regard, there is evidence to support the belief that appropriate educational methods make the introduction of complex biological concepts in early education a success, including such topics as within-species variation [4] , natural selection [5] , feeding relationships [3, 6] , and models of ecosystems [7] .
A key factor that makes educational interventions successful is to have appropriate procedures to assess pupils' knowledge [8] . On this issue, art-based procedures are distinguished by their effectiveness when it comes to looking into young children's development and their learning process, also in the specific field of the comprehension of natural phenomena [9] .
Scholars point out two main reasons why this is so. Firstly, drawings seems to be intimately connected with young children's internal thoughts and their interpretation of reality [10] [11] [12] [13] and, secondly, drawing activities facilitate spontaneous expressivity and communication in early education, even in the case of children who find it difficult to express themselves through words [14] .
Accordingly, the analysis of drawings has provided relevant data regarding the comprehension of a large variety of natural phenomena in early childhood. In this way, children's depictions have been utilised to explore, to name some recent relevant projects, their perceptions of the environment [15] ; their understanding of different topics related to plant life [16, 17] , and animals [18, 19] ; and, also, to study their comprehension of issues linked to earth sciences [13, [20] [21] [22] , as well as health subjects [23, 24] .
In addition, the examination of young children's drawings has also been considered to gain insight into their process of grasping the interactions among organisms. Thus, in a study that involves 35 preschool children's drawings, Lauren Madden and Jennifer Liang [25] provide evidence that the children express interactions between plants and animals in their depictions of nature. Furthermore, this study leads to the conclusion that these illustrations become more frequent after the children are involved in specific educational interventions to promote a better understanding of the role that trees have as creatures' habitats. In another significant study concerning a larger sample that also includes children older than eight years of age, Flowers' research group [26] finds that when depicting their understanding of ecosystems, children's representations of interactions among organisms do occur even though this kind of depiction tends not to be very frequent. Not all available studies, by contrast, achieve similar conclusions. Amy Dai [27] examines a limited sample of young children's expressions, including drawings, on the topic of nature and accounts for the fact that no evidence is found in line with the idea that the children might have begun to understand the issue of the interdependency of nature.
Consequently, previous research seems to support the belief that before the age of eight years, children might have begun to develop a basic understanding regarding the interactions occurring among organisms and, more particularly, with regard to those related to plants and animals. Notwithstanding the data that supports this belief, the fact is that not all the evidence collected is coherent with these ideas and, in addition, that the early comprehension of the ecological relationships among organisms, specifically, is a research topic that has not been extensively studied.
Against this background, this study intends to test the assumption that in the drawings that young children, aged 4-7 years old, carry out on the topic of nature, specific pictorial elements may be detected that indicate that children have achieved a basic understanding regarding the issue that organisms are not isolated entities, but live in continual interaction in the environment.
To that end, young children's spontaneous artistic production will be put under examination and any evidence indicating a basic awareness of plant-animal interaction will be investigated.
For that purpose, the following specific objectives are proposed for the study:
(a) Firstly, to examine the content of the drawings undertaken by the children in the sample on the issue of plant life in order to determine the frequency of the depictions of animals in their drawings on this issue, broken down by the types of animals (that is, vertebrate or invertebrate). The ultimate purpose of the present research project is to provide fresh data on the issue of how young children in early education commence to give sense to the core concepts pertaining to the domain of biology, and, more notably, in this particular study, to the concept of interactions between living things which will play a key role in their understanding of the functioning of the ecosystems.
Method

Sample
The sample under study includes 328 children in elementary education, 162 girls and 166 boys. Table 1 spells out the distribution of the children in accordance with their educational level and age. In order to gather the abovementioned sample, the authors of this paper visited six state-run educational centres in the spring term of 2015. Five of these schools are located in the province of Biscay (Spain) and one of them in the province of Burgos (Spain). The schools' participants in the study were chosen under the criteria of proximity and accessibility to the research team. Three of the educational centres are typically city schools, based in towns with no less than 75,000 citizens. The other three schools are located in rural areas where the population does not exceed 6000 inhabitants. In no case did the distance among the educational centres involved in the study exceed 100 kilometers.
The Ethics Committee for Research on Human Beings of the University of the Basque Country tracked and approved the procedure of the study (CEISH/214/2013/Villarroel Villamor). The board of directors of every school, as well as the families whose children were involved in the study, gave written permission to allow the children to be engaged in the research activity.
Data Collection
The present research project examines the depiction that the children in the sample spontaneously undertook on the topic of plant life.
In this respect, every child individually made an illustration about plants throughout a meeting with one of the members of the research team. The meeting was usually held in a separate space within the classroom or, as an alternative, in an adjacent area to the classroom that had been organised for that purpose.
Prior to the commencement of the individual meetings with the children, a single researcher attended the classroom and introduced the drawing activity to the children. Throughout this initial presentation, the researcher told the kids a story involving a puppet that she or he had brought with them. This story was intended to encourage the children to help the puppet understand more about plants by means of a picture that they could draw later during the interview.
The individual encounter with every child began by leaving the puppet with the child and remembering that the objective of the meeting was to draw a picture about plants so as to help the puppet understand more about plants. Subsequently, the researcher offered the child some pencils and a blank sheet of paper to begin the drawing and when the child expressed that they had finished the drawing, both, the child and the interviewer reviewed the meaning of the pictorial elements displayed. Finally, ten different coloured pens were randomly offered to the child to give colour to the pictures. The individual meeting did not usually take more than fifteen minutes.
The children received no indication or additional explanation regarding plants, animals, or interactions among them, either in the initial presentation of the activity or throughout the individual meetings.
Statistical Procedures
This study poses a quantitative methodology to examine the drawings under consideration. For this purpose, firstly, children's gender, age, educational level, and their first name were recorded.
Moreover and for the objective of examining the content of the pictures, for every drawing the following information was registered: The kind of interaction drawn in each picture was also registered.
Some examples of the drawings studied are presented in the Appendix. Concerning the statistical procedure, the examination of the association between variables was undertaken by chi-square and Cramer's V parameter was used to measure the effect size. The significance was set at the 0.05 level.
Results
The following is the presentation of the outcomes of the study. Firstly, the information regarding the type and frequency of animals depicted by the children in the sample will be introduced. Subsequently, the study of the differences encountered in the analysis of the differences in connection with the independent variables, that is, gender and educational level.
Regarding the first point, the representation of fauna was found in 21.6% (N = 71) of the drawings comprising the sample. In addition, 81.7% (N = 57) of those children who depicted fauna, opted for drawing no more than one single animal. In no drawing were there more than three animals illustrated. In contrast, 92.7% (N = 304) of the children drew at least one example of plants in their drawings. This high frequency related to the illustrations of examples of plants is not a surprise, given that the children were told that the objective of the drawing activity was to express their understanding of plant life.
A more careful consideration of the kind of animals that the children drew reveals that 15.9% (N = 52) of those in the sample drew, at least one vertebrate in their picture and that at least one invertebrate animal was found in 8.5% (N = 28) of the drawings. Table 2 presents the list of the animals that the children of the sample drew. As for the representation of animals in an unambiguous relationship with plants, 5 .8% (N = 19) of the pictures showed at least one animal eating, living, or at rest on a type of plant. Figure 1 presents an example of four representations undertaken by four different children in which the animals represented are in connection with plants (more examples are available in the Appendix Figures A1-A4) . Moving onto the gender-related study, no significant differences were found in connection with the representation of neither vertebrate animals nor invertebrate and, also, no differences were found regarding the depiction of animals in close relationship with plants.
Additionally, when it comes to considering the pictures of children in different educational levels, the frequency of vertebrate animals did not vary substantially. However, the data accounts for the fact that the older children were significantly more prone to display invertebrate animals in their free depiction on flora, as well as drawing animals in connection with plants. Table 3 displays the frequency of the depiction of both invertebrates and animals in connection with plants by the three educational levels considered in the study.
Importantly, the educational level variable shows a medium level of association with the depiction of at least one animal in connection with plants (Cramer's V = 0.24) and approaches a similar level as far as its relationship with the drawing of, at least, one invertebrate animal is concerned (Cramer's V = 0.19). Table 3 . The relative frequency (%) of the occurrence of the depiction of at least one invertebrate and at least one animal related to plants, spelled out by the educational levels of the children in the sample. 
Conclusions
The aforementioned figures show that one out of five children in the sample spontaneously drew at least one animal in their graphical explanations regarding plant life. Vertebrate animals were the most common illustrations of animals, but it is also significant that almost one in ten of the children depicted one or more invertebrates.
Previous research also indicates that the depiction of animals is a common attribute of young children's representations of nature [28] [29] [30] . In addition, it has also been reported that invertebrates may appear in young children's representations of the environment even though this group of animals tend to be misrepresented [31] .
However, what seems to be certainly significant in the data provided by this study is the observation that a substantial proportion of young children in the sample spontaneously depict animals to elucidate their knowledge about plant life. Even more importantly, one in fifteen drawings displays at least one animal in an unambiguous relationship with plants (i.e., touching plants, eating them, collecting pollen, or constructing their nests in a tree).
In this regard, it should be noted that young children do not draw without intent. Indeed, their graphical expression is closely linked to their thoughts and feelings [10, 11, 32] and that is the reason why studying their depictions is considered to be a valuable procedure to better understand their conceptual development [9, 21, 33] .
With this in mind, it seems reasonable to consider that a basic understanding regarding the interactions between plants and animals is the underlying factor that explains why some children in the sample spontaneously introduce animals in their depictions of plant life. This conclusion should be even more relevant in the case of those children who illustrate animals in a clear connection with plants.
Ultimately, this conclusion lends weight to the assumption that considering living things from a relational point of view, in lieu of seeing them as unconnected entities, is not alien to the understanding of nature in early childhood, a fact that has been underscored in only a few studies [34, 35] . Connected with these ideas, Madden and Liang's study [25] reports that interactions among livings things become more frequent in young children's verbal and graphical expression as a consequence of their involvement in learning activities aiming to strengthen a relational perspective of nature. This means that the additional level of complexity that entails recognising the environment in terms of the interactions between living things is within the reach of young children before the age of eight. Young children's learning abilities for grasping the foundations of biologically-complex issues has also been underscored by previous research [3] [4] [5] [6] .
In another development, the outcomes presented in this paper show that age is a relevant issue as far as the early grasping of a relational perspective about plants and animals is involved. Thus, the older the children are, the more frequent their depictions of animals in connection with plants are and, more importantly, this association is considerably marked. Similarly, the drawing of invertebrates appears reasonably linked to the age of the children. These findings are in line with previous research which highlights the fact that age is a key factor in the understanding of natural phenomena [5, 13, 16, 36] .
Finally, the lack of gender-related differences found in this study seems to be a significant issue. This observation fits in well with a specific body of research concerning young children's graphical expressions on biological phenomena which accounts for a very weak variation, or even no differences at all, when it comes to comparing girls and boy's drawings on the issues of, for instance, plants [12, 37] , the sun [13] , the structure of trees [17] , the distinction of living and non-living things [32, 38] , ideas about micro-organisms [39] , and animals [18] , to name but a few.
In contrast, there is also significant evidence that girls in early education tend to perform academically better than their male counterparts [40] . This suggests that the existence of gender gaps, as far as the understanding of biological phenomena is concerned, should not be completely ruled out, as has been stated in other significant studies [18, 19, 41] .
In light of the above, further research is necessary to garner more evidence regarding the issue of the potential differences connected to the gender variable during the process of the grasping of natural phenomena in early childhood. Nevertheless, it has been reported that by the age of six years there is a significant turning point as far as the influence that gender stereotypes have on girls' own perceptions regarding their intellectual capacities [42] . In this respect, one might consider that the lack of gender-related differences found in this study could be partly due to the fact that the sample under examination involved a very significant number of children aged 4-6 years; that is to say, an age group in which gender stereotypes might have not begun to have an influence on girls.
In conclusion, this study provides evidence that pictorial elements may be found in early artistic expression that give rise to consider that, well before eight years of age, children begin to comprehend the interdependence among living things in ecosystems. This corollary should serve to bolster teaching methods that offer young children opportunities to reflect on the ecological connections between living things, including human beings; an educational objective that, undoubtedly, should have a significant impact on their environmental thinking. 
